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(54) ALKOXYSI LAN E/ORG ANIC POLYMER COMPOSITION FOR THIN INSULATING FILM 
PRODUCTION AND USE THEREOF 



(57) Disclosed is an alkoxysilane/organic polymer 
composition for use in producing an insulating thin film, 
comprising (A) a specific alkoxysilane; (B) a specific 
organic polymer; and (C) a solvent for alkoxysilane (A) 
and organic polymer (B), wherein solvent (C) comprises 
at least one organic solvent selected from the group 
consisting of amide linkage-containing organic solvents 
and ester linkage-containing organic solvents. Also dis- 
closed are a silica-organic polymer composits thin film 
which is produced by a process comprising: forming a 
thin film of the composition of the present invention; 
subjecting the thin film to a hydrolysis and dehydration- 
condensation reaction with respect to the alkoxysilane 
thereof, to thereby cause the alkoxysilane to be gelled in 
the thin film; and removing the solvent remaining in the 
thin film by drying, and a porous silica thin film which is 
obtained by removing the organic polymer from the sil- 
ica-organic polymer composite thin film. Both of the sil- 
ica-organic polymer composite thin film and the porous 
silica thin film have advantages not only in that these 
thin films have a low dielectric constant suitable for insu- 
lating layers for a multilevel interconnect for a semicon- 
ductor device, but also in that these thin films can be 
produced by a method which can be easily performed in 



the current process for producing a semiconductor 
device. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the invention 
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E hin flm EZZZl '^enton relates to an alkoxysilane/organic polymer composition for use in producing an insu- 
Mngthn frira More particularly, the present invention is concerned with an alkoxysilane/organic polymer composition 

£ a T't? I? ,,lm> COmpriSin9 (A) 3 SpeCif,C « lk ^neT(B) a specie o'rga'nic pdyTer aS 
Srt S^t l alk °* yS " ane (A > and or 9 anic P 0, ^r (B), wherein the solvent (C) comprises at least one organic S 
oZn^lZTr T "^l" 9 ° f amide ""^^"taining organic solvents and ester linkageTrSn^g 
ZTlt^T' J PrOCSSS for pr0duCin9 3 semiconductor device, a silicon oxide insulating layer is product 
sLon ol f COmpr,sin ^ ,sso,vin 9 a silicon Precursor in an appropriate solvent to thereby obtain Jo lutfcTof Te 
™h ,T 1 S ° r ' form,n9 3 C ° ating ° f the ° btained solution on a by spin coating techntaue ZZei lite 

SlSSr 8 °. 9 . 3t a " appropriate temperature. When the composition of the present invention is M « a 
matena. for an .nsu.at.ng layer in the production of a multilayer circuit structure for a semiconductor devLe an insu.aTno 
layer hav,ng a low d.electnc constant can be produced by a method which can be easi.y performed in the Z ent 52 
a^contrr^'^f^ d6ViCe - ^ Pr6Sent inVSntion iS a,S0 COncerned "^multilayer circu^uSfor 
wher™ Trtta? onTSJ^l^Tf a , P,Ura,ity ° f inSU ' ating and drCuite formed « ' *• insu.aling laye s 
f y ° thS ,nsulatin 9 ^rs is obtained using the above-mentioned composition Further the 
present .nvention ,s concerned with a semiconductor device comprising the above-mentioned mu.ti.eyer' d£?£jj 
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SSS2 suc^rnSf '2.S fhr^ 8 ^ !T inSUlatin9 ^ for 3 mU,ti ' ayer Circurt Structure for a semiconductor 
aevice, such as an LSI, sil.ca (having a dielectric constant of from 4.0 to 4.5) or the like has generally been used ir> 

recent years the density of the circuit of a semiconductor device (such as an LSI) has become hfehS a Ja wZlni 
hence, the d-stence between mutually adjacent conducting lines in the circuit has become exlemefy s^ll X a con' 
iZTJ th ' S H the mU S" y . adjaCem C ° nduCtin9 Mnes havi "9 insu,ators therebetween h^e TSKS^SSSE 
£2£ r ™5 ^ POSSd 3 Pr0bl6m that " when ths die,ectric constant ° f ^e insulator is high tS e^c 

^ ^ condenser inadvertently formed by the mutually adjacent conducting lines and tnV'insula o?s 
clntTonH ^ T 6 " beCOmeS W9h ' S ° th3t thS emission of the electric signals through each of 5? mutSy aSZ 
cent conducting hnes .s markedly delayed. In order to solve this problem, with respect to a material for an insuletim 
layer for a mu,t,.ayer circuit structure, studies have been made to develop a matena. having ]S S lolToSeSfo c2 

[0003] It is known that among conventional materials, polytetrafluoroethylene has a lowest dielectric constant 
al^onZ 0 ^ V H ° WeVer - " 9eneral ' f ' UOr0reSinS »«• a problem in ^at fluororesin have no only S 

i™c^ ?" ""t^ u and " attemptS have been made in which the dielectric constant of a conventional material is 

C ZZ ? ? ^ T 9 ?• materia ' POrOUS ' 1h ™ 1 * Pf0vidin 9 a P° rous mat enal which is a composit ^mprS cflhe 
conventional matenal and air (having a dielectric constant of 1 0) comprises of me 

* ivefprodu^ S^ilf 3 ^ ° f P ° r0LiS S,,iCa) iS 3 tentative examp.e of such porous materia.s. How- 

ZZ'l ? 8 f ^ reqU ' reS su P ercritical crying. Therefore, production of a silica aerogel requires not 

JT 9 - 1 * alS ° GXtreme,y com P** tod of operations using a specially designed apparatus 5J£ it is 

d^atrrrr^ 

t00071 Journal of MacromolPn.lar R cienra-P.ham.ctry A27. 13-14 p 1603 H990) disclose.; = mothnH w „■ 
f h POr ° US s»ica which comprises subjecting an a.kosysi.ane to a hydrops and ^SSJ^HSS^SSh 
n^us e o^ C n>° 3 SP6CtfiC ° r9aniC P ° lymer S ° 35 10 03086 3 9elation ° f ^e alkoxysitene S^SSS.TSST 
fof calSfo T^^ ^ ^ ° r9aniC P ° ,ymer and SiliCa ' and heatin 9 the obtained composite 

oht ai n nn I that the organic polymer ,n the composite can be thermally decomposed and removed thereby 
obtammg a porous s.l.ca. However, in this method, the calcination for completely decomposing aS^v£g Z 
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organic polymer is required to be conducted in an atmosphere of air at a temperature as high as 600 °C or more, so 
that it is impossible to introduce a step in which a porous silica insulating layer is produced by this method into the cur- 
rent process for producing a semiconductor device. 

[0008] Further, as described below, methods for producing a porous thin film or the like, which are similar to the 
5 above-mentioned method disclosed in Journal of Macromolecular Science-Chemistrv. are disclosed in Unexamined 
Japanese Patent Application Laid-Open Specification Nos. 8-245278 and 7-100389 and WO97/06896. 
[0009] Unexamined Japanese Patent Application Laid-Open Specification No. 8-245278 discloses a method for 
producing a porous ceramic thin film, which comprises coating a substrate with an alcohol solution of a metal alkoxide, 
which solution contains polyethylene glycol added thereto, and calcining the resultant coating. 
10 [0010] Unexamined Japanese Patent Application Laid-Open Specification No. 7-100389 discloses a method for 
producing a carrier for a catalyst for use in petroleum refining, which comprises subjecting a metal alkoxide to a hydrol- 
ysis and dehydration-condensation reaction in the presence of an organic polymer, and calcining the resultant product. 
[0011] WO97/06896 discloses a method for producing a porous metal oxide film, which comprises dissolving a 
metal alkoxide, an acid and an organic polymer in a mixed solvent of a first solvent and water to thereby obtain a coating 
is solution, coating the obtained solution onto a glass substrate to form a gel film on the substrate, drying the gel film, 
immersing the dried gel film in a second solvent to extract and remove the organic polymer from the gel film, and cal- 
cining the gel film to thereby obtain a porous metal oxide film. 

[0012] It is noted that, in each of the methods disclosed in Unexamined Japanese Patent Application Laid-Open 
Specification Nos. 8-245278 and 7-100389 and WO97/06896, an alcohol is used as a solvent for each of the metal 
20 alkoxide and the organic polymer. For the reason as described below, the use of an afcoho! as a solvent disadvanta- 
geous^ causes a lowering of the void ratio of an obtained porous material, thereby making it impossible to obtain such 
a porous insulating thin film having a low dielectric constant as can be suitably used in a multilayer circuit structure for 
a semiconductor device. 

[001 3] As is apparent from the above, such an insulating thin film having a low dielectric constant as can be suitably 
25 used in a multilayer circuit structure for a semiconductor device has conventionally been unable to be produced by a 
method which can be easily performed in the current process for producing a semiconductor device. 

SUMMARY OF THE INVENTION 

30 [0014] In this situation, the present inventors have made extensive and intensive studies with a view toward devel- 
oping an insulating thin film for use in a multilayer circuit structure for a semiconductor device, wherein the insulating 
thin film not only has a low dielectric constant, but also can be produced by a method which can be easily performed in 
the current process for producing a semiconductor device. As a result, it has unexpectedly been found that the above 
objective can be attained by using an alkoxysilane/ organic polymer composition comprising (A) a specific alkoxysilane; 

35 (B) a specific organic polymer; and (C) a solvent for alkoxysilane (A) and organic polymer (B), wherein the solvent (C) 
comprises at least one organic solvent selected from the group consisting of amide linkage-containing organic solvents 
and ester linkage-containing organic solvents. More specifically, it has unexpectedly been found that an insulating thin 
film produced from the above alkoxysilane/organic polymer composition not only has a low dielectric constant which is 
suitable for an insulating layer for a multi-layer circuit structure for a semiconductor device, but also can be produced by 

40 a method which can be easily performed in the current process for producing a semi-conductor device, wherein the 
insulating thin film is either a silica-organic polymer composite thin film (produced by forming a thin film from the above 
alkoxysilane/organic polymer composition and then subjecting the thin film to heat treatment) or a porous silica thin film 
(obtained by removing the organic polymer from the silica-organic polymer composite thin film). The present invention 
has been completed, based on the above novel finding. 

45 [0015] Therefore, it is a primary object of the present invention to provide a composition for use in producing an 
insulating layer for a multilayer circuit structure for a semiconductor device, wherein the insulating layer not only has a' 
low dielectric constant, but also can be produced by a method which can be easily performed in the current process for 
producing a semiconductor device. 

[001 6] It is another object of the present invention to provide a composite insulating thin film which can be produced 
so from the above-mentioned composition, and a porous silica thin film which can be obtained from the above composite 
insulating thin film, as well as the uses of these thin films. 

[0017] The foregoing and other objects, features and advantages of the present invention will be apparent to those 
skilled in the art from the following detailed description and appending claims. 

55 DETAILED DESCRIPTION OF THE INVENTION 

[0018] In one aspect of the present invention, there is provided an alkoxysilane/organic polymer composition for 
use in producing an insulating thin film, comprising: 
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(A) at least one alkoxysilane selected from the group consisting of (1) tetraalkoxysilanes. (2) trialkoxysilanes, (3) 
dialkoxysilanes, (4) monoalkoxysilanes and (5) tri alkoxysilane dimers, respectively, represented by the following 
formulae (1), (2), (3), (4) and (5): 



Si(OR) 4 


0). 


R^KORfe 


(2). 


R 1 R 2 Si(OR) 2 


(3), 


R 1 R 2 R 3 SiORand 


(4), 


(RO) 3 Si-R 4 -Si(OR) 3 


(5), 



wherein each R independently represents a straight chain or branched alkyl group having 1 to 6 carbon atoms, 
each of R 1 , R 2 and R 3 independently represents a hydrogen atom or a monovalent hydrocarbon group having 1 to 
6 carbon atoms, and R 4 represents a divalent hydrocarbon group having 1 to 6 carbon atoms, and wherein, when 
the alkoxysilane (A) is at least one first alkoxysilane selected from the group consisting of the alkoxysilanes (3) and 
(4), the first alkoxysilane is used in combination with at least one second alkoxysilane selected from the group con- 
sisting of the alkoxysilanes (1), (2) and (5); 

(B) at least one organic polymer having a main chain mainly comprising at least one polymer chain selected from 
the group consisting of an aliphatic polyether chain having ether group-containing recurring units having 2 to 12 
carbon atoms, an aliphatic polyester chain having ester group-containing recurring units having 2 to 12 carbon 
atoms, an aliphatic polycarbonate chain having carbonate group-containing recurring units having 2 to 1 2 carbon 
atoms and an aliphatic polyanhydride chain having anhydride group-containing recurring units having 2 to 12 car- 
bon atoms; and 

(C) a solvent for the alkoxysilane (A) and the organic polymer (B), wherein the solvent (C) comprises at least one 
organic solvent selected from the group consisting of amide linkage-containing organic solvents and ester linkage- 
containing organic solvents. 

[001 S] For easy understanding of the present invention, the essential features and various embodiments of the 
present invention are enumerated below. 

1 . An alkoxysilane/organic polymer composition for use in producing an insulating thin film, comprising: 

(A) at least one alkoxysilane selected from the group consisting of (1) tetraalkoxysilanes, (2) trialkoxysilanes, 
(3) dialkoxysilanes, (4) monoalkoxysilanes and (5) trialkoxysilane dimers, respectively, represented by the fol- 
lowing formulae (1), (2), (3), (4) and (5): 



Si(OR) 4 


(1). 


R 1 Si(OR) 3 


(2). 


R 1 R 2 Si(OR) 2 


(3). 


R 1 R 2 R 3 SiORand 


(4). 


(RO) 3 Si-R 4 -Si(OR) 3 


(5). 



wherein each R independently represents a straight chain or branched alkyl group having 1 to 6 carbon atoms, 
each of R 1 , R 2 and R 3 independently represents a hydrogen atom or a monovalent hydrocarbon group having 

1 to 6 carbon atoms, and R 4 represents a divalent hydrocarbon group having 1 to 6 carbon atoms, and wherein, 
when the alkoxysilane (A) is at least one first alkoxysilane selected from the group consisting of the alkoxysi- 
lanes (3) and (4), the first alkoxysilane is used in combination with at least one second alkoxysilane selected 
from the group consisting of the alkoxysilanes (1), (2) and (5); 

(B) at least one organic polymer having a main chain mainly comprising at least one polymer chain selected 
from the group consisting of an aliphatic polyether chain having ether group-containing recurring units having 

2 to 12 carbon atoms, an aliphatic polyester chain having ester group-containing recurring units having 2 to 12 
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carbon atoms, an aliphatic polycarbonate chain having carbonate group-containing recurring units having 2 to 
12 carbon atoms and an aliphatic polyanhydride chain having anhydride group-containing recurring units hav- 
ing 2 to 12 carbon atoms; and 

(C) a solvent for the alkoxysilane (A) and the organic polymer (B), wherein the solvent (C) comprises at least 
5 one organic solvent selected from the group consisting of amide linkage-containing organic solvents and ester 

linkage-containing organic solvents. 

2. The composition according to item 1 above, wherein the alkoxysilane (A) is a mixture of at least one tetraalkox- 
ysilane (1) and at least one alkoxysilane selected from the group consisting of the alkoxysilanes (2) to (5). 

10 

3. The composition according to item 1 above, wherein the alkoxysilane (A) is at least one trialkoxysilane (2), or a 
mixture of at least one trialkoxysilane (2) and at least one alkoxysilane selected from the group consisting of the 
alkoxysilanes (1) and (3) to (5). 

is 4. The composition according to any one of items 1 to 3 above, wherein the solvent (C) further comprises at least 
one alcohol. 

5. The composition according to any one of items 1 to 4 above, which further comprises (D) at least one acid capa- 
ble of functioning as a catalyst for promoting a hydrolysis and dehydration-condensation reaction of the alkoxysi- 

20 lane (A). 

6. The composition according to any one of items 1 to 5 above, wherein the organic polymer (B) is an aliphatic pol- 
yether comprising a polyalkylene glycol having C2-C12 ether group-containing recurring units and having a number 
average molecular weight of from 200 to 1 ,000,000. 

25 

7. The composition according to any one of items 1 to 6 above, wherein the organic polymer (B) is present in an 
amount of from 0.1 to 10 in terms of a weight ratio relative to the amount of a product obtained by subjecting the 
entire amount of the alkoxysilane (A) to a hydrolysis and dehydration-condensation reaction. 

30 8. A silica-organic polymer composite thin film, which is produced by a process comprising: 

forming a thin film of the composition of any one of items 1 to 7 above; 

subjecting the thin film to a hydrolysis and dehydration-condensation reaction with respect to the alkozysilane 
(A) thereof, to thereby cause the alkoxysilane (A) to be galled in the thin film; and 
35 removing the solvent (C) remaining in the thin film by drying. 

9. The silica-organic polymer composite thin film according to item 8 above, which has a thickness of from 0.1 to 
100 ^m. 

40 10. The silica-organic polymer composite thin film according to item 8 or 9 above, which is transparent to visible 
rays having a wavelength of from 0.4 to 0.7 p.m. 

1 1 . A multilayer circuit structure comprising a plurality of insulating layers and circuits formed on the insulating lay- 
ers, wherein at least one layer of the insulating layers comprises the silica-organic polymer composite thin film of 

45 any one of items 8 to 1 0 above. 

12. A semiconductor device comprising the multilayer circuit structure of item 1 1 above. 

13. A porous silica thin film which is obtained by removing the organic polymer from the silica-organic polymer corn- 
so pos'rte thin film of any one of items 8 to 1 0 above. 

14. The porous silica thin film according to item 1 3 above, which has an average pore diameter of from 1 to 500 nm. 

15. The porous silica thin film according to item 13 or 14 above, wherein the removal of the organic polymer from 
55 the silica-organic polymer composite thin film is performed by calcining the composite thin film at a temperature of 

not higher than 450 °C. 

16. The porous silica thin film according to any one of items 13 to 15 above, which has a surface thereof treated 
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with a silylating agent. 

17. A multilayer circuit structure comprising a plurality of insulating layers and circuits formed on the insulating lay- 
ers, wherein at least one layer of the insulating layers comprises the porous silica thin film of any one of items 13 
to 16 above. 

18. A semiconductor device comprising the multilayer circuit structure of item 17 above. 
[0020] Hereinbelow, the present invention will be described in detail. 

[0021] At least one alkoxysilane which is used as component (A) of the alkoxysilane/organic polymer composition 
of the present invention is selected from the group consisting of (1) tetraalkoxysilanes, (2) trialkoxysilanes, (3) dialkox- 
ysilanes, (4) monoalkoxysilanes and (5) trialkoxysilane dimers, respectively, represented by the following formulae (1) 
to (5): 



Si(OR) 4 


(1). 


R 1 Si(OR) 3 


(2), 


R 1 R 2 Si(OR) 2 


(3), 


R 1 R 2 R 3 SiORand 


(4). 


(RO) 3 Si-R 4 -Si(OR) 3 


(5). 



wherein each R independently represents a straight chain or branched alkyl group having 1 to 6 carbon atoms, each of 
R 1 , R 2 and R 3 independently represents a hydrogen atom or a monovalent hydrocarbon group having 1 to 6 carbon 
atoms, and R 4 represents a divalent hydrocarbon group having 1 to 6 carbon atoms. Examples of alkyl groups which 
can be suitably used as R in formulae (1), (2), (3). (4) and (5) above include a methyl group, an ethyl group, an n-propyl 
group, an i-propyl group, an n-butyl group, an i-butyl group and a t-butyl group. Examples of monovalent hydrocarbon 
groups which can be suitably used as R 1 , R 2 and R 3 in formulae (2), (3) and (4) above include a methyl group and a 
phenyl group. Further, examples of divalent hydrocarbon groups which can be suitably used as R 4 in formula (5) above 
include a methylene group, an ethylene group, an isopropylidene group and a phenylene group. 
[0022] It is preferred that the alkoxysilane (A) comprises at least one alkoxysilane selected from the group consist- 
ing of alkoxysilanes (1), (2) and (5), to which, if desired, at least one alkoxysilane selected from the group consisting of 
alkoxysilanes (3) and (4) is added. 

[0023] It is especially preferred that the alkoxysilane (A) is: 

1) a mixture of at least one of the above-mentioned alkoxysilane (1) and at least one alkoxysilane selected from the 
group consisting of the above-mentioned alkoxysilanes (2) to (5); 

2) at least one of the above-mentioned trialkoxysilane (2); or 

3) a mixture of at least one of the above-mentioned trialkoxysilane (2) and at least one alkoxysilane selected from 
the group consisting of the above-mentioned alkoxysilanes (1) and (3) to (5). 

[0024] When the alkoxysilane (A) is at least one first alkoxysilane selected from the group consisting of the alkox- 
ysilanes (3) and (4), the first alkoxysilane is used in combination with at least one second alkoxysilane selected from 
the group consisting of alkoxysilanes (1), (2) and (5). 

[0025] When the alkoxysilane (A) is only at least one alkoxysilane selected from the group consisting of the alkox- 
ysilanes (3) and (4), the alkoxysilane (A) cannot be gelled by a method in which a thin film obtained from the composi- 
tion of the present invention for use in producing an insulating thin film is subjected to a hydrolysis and dehydration- 
condensation reaction with respect to the alkoxysilane (A) thereof. Therefore, in such a case, any of the silica-organic 
polymer composite thin film and porous silica thin film of the present invention described below cannot be obtained. 
[0026] In the above-mentioned preferred form 1) of the alkoxysilane (A), when the amount of the at least one alkox- 
ysilane selected from the group consisting of the above-mentioned alkoxysilanes (2) to (5) is reduced and the amount 
of the above-mentioned tetraalkoxysilane (1) is increased, the crosslinking density of the product obtained by the 
hydrolysis and dehydration-condensation reaction of the above-mentioned alkoxysilane (A) is increased, so that the 
mechanical strength of the silica-organic polymer composite thin film and porous silica thin film of the present invention 
described below is improved. 

[0027] On the other hand, in the above-mentioned preferred form 1 ) of the alkoxysilane (A), when the amount of the 
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above-mentioned tetraalkoxysilane (1) is reduced and the amount of the at least one alkoxysiiane selected from the 
group consisting of the above-mentioned alkoxysilanes (2) to (5) is increased, the crosslinking density of the product 
obtained by the hydrolysis and dehydration-condensation reaction of the above-mentioned alkoxysiiane (A) is lowered, 
so that the product has an improved cracking resistance. Further, when the hydrocarbon groups are directly bonded to 
5 the silicon atoms, the hygroscopicity of the above-mentioned reaction product is extremely reduced by the influence of 
the hydrocarbon groups. 

[0028] At least a part of the alkoxysiiane (A), which is at least one alkoxysiiane selected from the group consisting 
of the above-mentioned alkoxysilanes (1) to (5), is optionally in the form of an oligomer, and at least a part of the alkox- 
ysiiane (A), which is at least one alkoxysiiane selected from the group consisting of the above-mentioned alkoxysilanes 
10 (1) to (3) and (5), is optionally in a partially hydrolyzed form. Further, metal alkoxides which can be condensed with the 
above-mentioned alkoxysilanes (1) to (5) may be optionally added to the above-mentioned alkoxysilanes (1) to (5). 
Examples of such optional metal alkoxides include C r C 6 alkoxides of aluminum, titanium, zirconium, baron, magne- 
sium, germanium, zinc, tin, niobium, lead, strontium, lithium and barium. Among these, C r C 6 alkoxides of aluminum, 
titanium and zirconium are preferred. The amount of the optional metal alkoxide is preferably 30 % by weight or less, 

15 based on the weight of the alkoxysiiane (A). 

[0029] Specific examples of alkoxysilanes which can be used as the above-mentioned alkoxysilanes (1) to (5) 
include tetramethoxysilane, tetraethoxysilane, tetra(n-propoxy)silane, tetra(i-propoxy)silane, tetra(n-butoxy)silane, 
tetra(t-butoxy)silane, trimethoxysilane, triethoxysilane, methyltrimethoxysilane, methyltriethoxysilane, phenyltrimethox- 
ysilane, phenyltriethoxysilane, dimethyldimethoxysilane, dimethyldiethoxysilane, diphenyldimethoxysilane, diphenyldi- 

20 ethoxysilane, phenyldimethoxysilane, phenyldiethoxysilane. methyldimethoxysilane, methyldiethoxysiiane, 
phenylmethyldimethoxysilane, phenylmethyldi ethoxysilane, trimethylmethoxysilane, trimethyl ethoxysilane, triphenyl- 
methoxysilane, triphenylethoxysilane, phenyldimethylmethoxysilane, phenyldimethylethoxysilane, diphenylmethylmeth- 
oxysilane, diphenylm ethyl ethoxysilane, dimethylmethoxysiiane, dimethyl ethoxysilane, diphenylmethoxysilane, 
diphenylethoxysilane, bis(trimethoxysilyl)methane, bis(triethoxysilyl) methane, 1 ,2-bis(trimethoxysilyi)ethane, 1 ,2- 

25 bis(triethoxysilyl) ethane, 1 ,4-bis(trimethoxysilyl)benzene and 1,4-bis (triethoxysilyt)benzene. Among these, especially 
preferred are tetramethoxysilane, tetraethoxysilane, trimethoxysilane, triethoxysilane, methyltrimethosysilane, methyl- 
triethoxysiiane, dimethyldimethoxysilane, dimethyldiethoxysilane, trimethylmethoxysilane and trimethyl ethoxysilane. 
[0030] As is apparent from the below-mentioned specific examples of organic polymers usable as component (B), 
the organic polymer (B) of the alkoxysilane-organic polymer composition of the present invention comprises at least one 

so organic polymer having a main chain mainly comprising at least one polymer chain selected from the group consisting 
of an aliphatic polyether chain having ether group-containing recurring units having 2 to 12 carbon atoms, an aliphatic 
polyester chain having ester group-containing recurring units having 2 to 12 carbon atoms, an aliphatic polycarbonate 
chain having carbonate group-containing recurring units having 2 to 12 carbon atoms and an aliphatic polyanhydride 
chain having anhydride group-containing recurring units having 2 to 12 carbon atoms. 

35 [0031 ] The organic polymer (B) may be a single polymer or a mixture of a plurality of polymers. As long as the effect 
of the present invention is not adversely affected, the organic polymer (B) may optionally comprise a polymer chain hav- 
ing recurring units other than the above-mentioned recurring units. Further, the main chain of the organic polymer (B) 
may optionally have a functional group at terminals thereof. Usually, in a polyether, a polyester, a polycarbonate and a 
polyanhydride, the terminal groups are comprised of a hydroxyl group and/or a carboxyl group. However, the terminal 

40 groups of the main chain of the organic polymer (B) are not particularly limited to hydroxyl and carboxyl groups. As long 
as the effect of the present invention is not adversely affected, the terminal groups of the main chain of the organic pol- 
ymer (B) may optionally be modified with other functional groups. 

[0032] Examples of aliphatic polyathers having ether group-containing recurring units having 2 to 12 carbon atoms 
include polyalkylene glycols, such as polyethylene glycol, polypropylene glycol, polytrimethylene glycol, polytetrameth- 

45 ylene glycol, polypentamethylene glycol, polyhexamethylene glycol, palydioxolane, polydioxepane and the like. 

[0033] Examples of aliphatic polyesters having ester group-containing recurring units having 2 to 12 carbon atoms 
include polycondensation products of a hydroxycarboxylic acid and ring-opening polymerization reaction products of a 
lactone, such as polyglycolide, polycaprolactone, polycaprol acton etriol, polypivalolactone and the like; and polyconden- 
sation products of a dicarbosylic acid with an alkylene glycol, and ringopening copolymerization products of an epoxide 

so with an acid anhydride, such as polyethylene oxalate, polyethylene succinate, polyethylene adipate, polyethylene 
suberate, polyethylene sebacate, polypropylene adipate, polyoxydi ethylene malonate, polyoxydi ethylene adipate and 
the like. 

[0034] Examples of aliphatic polycarbonates having carbonate group-containing recurring units having 2 to 12 car- 
bon atoms include polycondensation reaction products of carbonic acid and alkylene glycols, such as polyethylene car- 
55 bonate. polypropylene carbonate, polytrimethylene carbonate, polytetramethylene carbonate, polypentamethylene 
carbonate, polyhesamethylene carbonate and the like. 

[0035] Examples of aliphatic polyanhydrides having anhydride group-containing recurring units having 2 to 12 car- 
bon atoms include polycondensation reaction products of dicarboxylic acids, such as polymalonyl oxide, polyadipoyl 
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oxide, polypimeloy! oxide, polysuberoyl oxide, polyazelaoyl oxide, polysebacoyl oxide and the like. 
[0036] Of these, especially preferred are polyethylene glycol, polypropylene glycol, polycaprolactone, polycaprolac- 
tonetriol, polyethylene carbonate, polypentamethylene carbonate, polyhexamethylene carbonate, polyadipoyl oxide, 
polyazelaoyl oxide and polysebacoyl oxide. 
5 [0037] The term "alkylene glycor means a dihydric alcohol obtained by substituting an alkane having two, or more 
carbon atoms with two hydroxyl groups so that two hydrogen atoms bonded to different carbon atoms in the alkane are 
replaced by the hydroxyl groups. The term "dicarboxylic acid" means an organic acid having two carboxyl groups, such 
as oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic 
acid or the like. 

io [0038] When either aliphatic polymers other than the above-mentioned aliphatic polymers or aromatic polymars are 
used as organic polymer (B), problems arise in that the homogeneity of the silica-organic polymer composite thin film 
becomes poor and the required calcination temperature becomes high, thus rendering it difficult to produce any of the 
silica-organic polymer composite thin film and porous silica thin film of the present invention in the current process for 
producing a semiconductor device. However, for the purpose of adjusting the viscosity of the composition or improving 

75 the coating properties of the composition, other optional polymers may be used in addition to organic polymer (B) 
defined in the present invention, as long as the desired effects of the present invention are not impaired. 
[0039] The amount of the organic polymer (B) in the composition of the present invention varies depending on the 
physical properties desired for the silica-organic polymer composite thin film or the porous silica thin film. Generally, the 
amount of the organic polymer (B) is 10~ 2 to 100, preferably 10' 1 to 10, more preferably 0.5 to 5, in terms of a weight 

20 ratio relative to the amount of a product obtained by subjecting the entire amount of the alkoxysilane (A) to a hydrolysis 
and dehydration-condensation reaction. When the above-defined weight ratio of the organic polymer (B) is less than 1 0" 
2 , problems arise in that a large-thickness coating of the composition cannot be obtained, that a good silica-organic pol- 
ymer composite thin film having a satisfactory crack resistance cannot be obtained, and that a porous silica thin film 
having a satisfactory void ratio cannot be obtained. On the other hand, when the above-defined weight ratio of the 

25 organic polymer (B) is larger than 100, problems arise in that any of the silica-organic polymer composite thin film and 
the porous silica thin film cannot have a satisfactory mechanical strength. 

[0040] It is preferred that the organic polymer (B) has a number average molecular weight of from 200 to 1 ,000.000. 
It should be noted that the pore size of the porous silica thin film of the present invention is very small and has only a 
small dependency on the molecular weight of the organic polymer (B). This is a great difference between the present 
30 invention and the conventional technique, and such difference is one of the reasons why the composite thin film and 
porous silica thin film of the present invention are especially excellent as insulating layers for a multilayer circuit struc- 
ture for a semiconductor device. 

[0041] In the alkoxysilane/organic polymer composition of the present invention, it is required that the solvent (C) 
for the alkoxysilane (A) and the organic polymer (B) comprise at least one organic solvent selected from the group con- 

35 sisting of amide linkage-containing organic solvents and ester linkage-containing organic solvents. If such a solvent is 
not used, a gelation of the alkoxysilane (A) by the hydrolysis and dehydration-condensation reaction of the alkoxysilane 
(A) does not proceed efficiently, leading to a problem that, when the organic polymer (B) is removed from the silica- 
organic polymer composite thin film, the silica-organic polymer composite thin film shrinks, thereby making it impossible 
to obtain a porous silica thin film having a high void ratio and hence a low dielectric constant. This is the reason why a 

40 porous film having a high void ratio cannot be obtained by the techniques disclosed in the above-mentioned Unexam- 
ined Japanese Patent Application Laid-Open Specification Nos. 8-245278 and 7-100389 and WO97/06896. 
[0042] The solvent (C) used in the present invention, i.e., at least one organic solvent selected from the group con- 
sisting of amide linkage-containing organic solvents and ester linkage-containing organic solvents exhibits the effect to 
suppress an aggregation of the dispersed molecular chains of the organic polymer (B) in the silica-organic polymer 

45 composite film, thereby suppressing the growth of the polymer phase toward large particles. Generally, the interaction 
between silica and the organic polymer (B) used in the present invention is not strong. Therefore, if at least one organic 
solvent selected from the group consisting of amide linkage-containing organic solvents and ester linkage-containing 
organic solvents is not used as the solvent (C), a problem arises that, during the course of the gelation of the alkoxysi- 
lane (A) in the production of the silica-organic polymer composite thin film, an aggregation of the molecular chains of 

so the organic polymer (B) occurs, thereby forming large particles of the organic polymer (B) in the obtained silica-organic 
polymer composite thin film. If a porous silica thin film is produced from a silica-organic polymer composite thin film con- 
taining such large particles of the organic polymer (B), the removal of the organic polymer (B) causes the formation of 
large pores in the porous silica thin film, wherein the large pores are likely to adversely affect the multilayer circuit struc- 
ture used as a semiconductor device. 

55 [0043] With respect to the solvent (C). it is preferred that the amount of at least one organic solvent selected from 
the group consisting of amide linkage-containing organic solvents and ester linkage-containing organic solvents in the 
solvent (C) is 1 % by weight or more, based on the total weight of the solvent (C). If the amount of the above-mentioned 
at least one organic solvent is less than 1% by weight, based on the total weight of the solvent (C), an aggregation of 
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the molecular chains of the organic polymer (B) occurs, thereby forming large particles of the organic polymer (B) in the 
silica-organic polymer composite thin film, so that a problem tends to arise that a porous silica thin film having a small 
pore size and a high void ratio cannot be obtained. 

[0044] Examples of amide linkage-containing solvents usable in the present invention include amides, such as for- 
5 mamide, N-methylformamide, N-ethylformamide, N.N-dimethylformamide. N,N-diethylformamide, N-methylacetamide, 
N-ethylacetamide, N,N-dimethylacetamide, N,N-diethylacetamide, N-methylpyrrolidone, N-formylmorpholine, N-acetyl- 
morphoiine, N-formylpiperidine, N-acetylpiperidine, N-formylpyrrolidine, N-acethyipyrrolidine, N.N'-diformylpiperadine. 
N.N-diacethylpiperadine and the like, and ureas, such as tetramethylurea, N.N'-dimethyltmidazolidinone and the like. 
Examples of ester linkage-containing solvents usable in the present invention include ethyl formate, methyl acetate, 
io ethyl acetate, ethyl lactate, ethylene glycol monomethyl ether acetate, ethylene glycol diacetate, propylene glycol mon- 
omethyl ether acetate, diethyl carbonate, ethylene carbonate, propylene carbonate and the like. Of these, particularly 
preferred are N.N-dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidone, tetramethylurea, N.N'-dimethylim- 
idazolidinone, ethylene glycol monomethyl ether acetate, ethylene glycol diacetate and propylene glycol monomethyl 
ether acetate. 

75 [0045] One solvent selected from the group consisting of amide linkage-containing organic solvents and ester link- 
age-containing organic solvents may be used alone as the solvent (C). However, when either a mixed solvent of at least 
two different organic solvents selected from the group consisting of amide linkage-containing organic solvents and ester 
linkage-containing organic solvents or a mixed solvent of at least one organic solvent selected from the group consisting 
of amide linkage-containing organic solvents and ester linkage-containing organic solvents and at least one organic sol- 

20 vent other than the amide linkage-containing and ester linkage-containing organic solvents is used as the solvent (C), 
advantages can be obtained in that the viscosity of the composition and the evaporation rate of the solvent (C) can be 
easily controlled. Preferred examples of other organic solvents which can be employed in combination with at least one 
organic solvent selected from the group consisting of amide linkage-containing organic solvents and ester linkage-con- 
taining organic solvents include alcohols, such as -C 4 monohydric alcohols, -C 4 dihydric alcohols, glycerol and the 

25 like; ethers, such as tetrahydrofuran, diethyl ether, di(n-propyl) ether, diisopropyl ether, diglyme. 1,4-dioxane, ethylene 
glycol monomethyl ether, ethylene glycol dimethyl ether, ethylene glycol diethyl ether, propylene glycol monomethyl 
ether, propylene glycol dimethyl ether and the like; ketones, such as acetone, methyl ethyl ketone, methyl propyl ketone, 
methyl (n-butyl) ketone, methyl isobutyl ketone, methyl amyl ketone, cyclopentanone, cyclohexanone and the like; 
nrtriles, such as acetonitrile, propionitrile, n-butyronitrile, isobutyronitrile and the like; dimethyl sulfoxide, dimethyl sul- 

30 fone, sulfolane and the like. Of these, particularly preferred are those solvents having a hydroxyl group, such as Ci-C 4 
monohydric alcohols, C r C 4 dihydric alcohols, glycerol, ethylene glycol monomethyl ether and propylene glycol mono- 
methyl ether. The reason why the use of such solvents having a hydroxyl group is preferred is because the use of such 
a solvent in the composition of the present invention improves the film forming properties of the composition, rendering 
it easy to form a thin film having a uniform film thickness. 

35 [0046] It is preferred that the amount of the solvent (C) in the composition of the present invention is 0.05 % by 
weight or more, based on the weight of the composition. If the amount of the solvent (C) is less than 0.05 % by weight, 
based on the weight of the composition, a gelation of the alkoxysilane (A) by the hydrolysis and dehydration -condensa- 
tion reaction thereof tends not to proceed efficiently, thereby rendering it difficult to produce not only a practically 
employable silica-organic polymer composite thin film but also a practically employable porous silica thin film. 

40 [0047] The composition of the present invention may contain a substance which is capable of functioning as a cat- 
alyst for promoting the hydrolysis and dehydration-condensation reaction of the alkoxysilane (A). Examples of such 
substances which are capable of functioning as a catalyst include acids, such as hydrochloric acid, nitric acid, sulfuric 
acid, phosphoric acid, formic acid, acetic acid, oxalic acid, malonic acid, maleic acid, toluenesulfonic acid and the like; 
and bases, such as an aqueous ammonia solution, potassium hydroxide, sodium hydroxide, triethylamine, trieth- 

45 anolamine, pyridine, piperidine, choline and the like. However, if a base is used as a catalyst, the pore size of the porous 
silica thin film tends to become too large. Therefore, the use of an acid is preferred. Acids and bases maybe used indi- 
vidually or in combination. Further, if desired, the composition may be stepwise treated using an acid and a base. 
Herein, the term "stepwise treated" means a mode in which, for example, the composition is treated first with an acid 
and then with a base. Alternatively, the acid and the base may also be used in the reverse order. In those cases, two 

so different types of catalysts are added to the composition. 

[0048] When a catalyst is employed, the amount of the catalyst is 1 mole or less, preferably 10* 1 mole or less, per 
mole of the alkoxysilane (A). When the amount of the catalyst is more than 1 mole, per mole of the alkoxysilane (A), the 
catalyst tends to form a deposit, thereby rendering it difficult to obtain a homogeneous porous silica thin film. 
[0049] Water is required for the hydrolysis of the alkoxysilane (A) in the present invention. The manner of supply of 

55 water is not specifically limited but can be made in any desired manner. For example, when a catalyst is employed, 
water may be added to the catalyst in advance. When a catalyst is added in an aqueous solution form, the water in the 
aqueous solution may be used for the hydrolysis of the alkoxysilane (A). Further, when the hydrolysis of alkoxysilane 
(A) is performed in an atmosphere containing a relatively large amount of steam and the amount of the steam is suffi- 
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1 k£!enf hydro,ys,s • rt ,s ""necessary to supply water. The amount of water suitable for the hydrolysis of the 

ThlnVJ °/ ,e f ■ ^ ^ 1 ° m ° leS 4 f ' eSS> PSr m ° ,e ° f the Si,iCOn atoms contained in the alkox- 

Sn! 2' I """f °l "f ter , used ,s more **" 1 ° 4 moles, per mole of the silicon atoms contained in the alkox- 
ysilane (A), the homogeneity of the silica-organic polymer composite thin film tends to become low 
Sinn ,l d£ l red ' Va f ° US a u ditiVeS ' SUCh 35 3 P hotocat alyst 9 e nerator for imparting a photosensitivity, an agent for 
S t adhes,on to a substrate - and a stabilizer for a long-term storage, may be added to the composition of the 
present invention «n such an amount as will not impair the effects of the present invention 
[0051] The silica-organic polymer composite thin film can be produced by a process comprising: 

forming a thin film of the composition obtained by the above-mentioned manner- 
subjecting the thin film to a hydrolysis and dehydration-condensation reaction with respect to the alkoxysilane (A) 
thereof, to thereby cause the alkoxysilane (A) to be gelled in the thin film; and aiKoxysnane (A) 

removing the solvent (C) remaining in the thin film by drying. 

[0052] In the present invention, the term "silica" means both S.0 2 and a compound having a structure wherein a 
in?Sm*a; n "* 3 *'* *° ^ ^ iCa " y 3 Structure "tented by the follow- 



R' x H y Si0 2 

wherein R' represents a C r C s hydrocarbon group. 0£x<2, 0sy<2, 0£(x+y)<2 and 1 < z s 2 
i?fmetho^^rminn n ^n a n" *" * periormed by ^"9 a substrate with the composition of the present invention. 
£ u 9 1 • convent, °na' method, such as casting, immersing, spin coating and the like, can 

T eV ^ 6 ^ C ? t,n9 m6th0d iS SUitab ' e " h9n the production of the insulating layer is intended in a 
to ^EZ! ZEIS? 0 " ' TT, drCUit StnJCtUre f ° r 3 ^conductor device. The thickness of the thin film can 
be controlled within the range of from 0.1 urn to 100 urn by varying the viscosity of the composition and the revolution 

s c T r - *r thickness 01 tne thin fi,m is larger than 100 tne tnin ^ I IStSS 

Se^ *" — * a — device, the suitable 

SSSL «f f^ 165 ° f Sub ! tra !!! inC ' Ude substrate s comprised of a single element substance semiconductor, such 
anhmoT VZT""?"' ^substrates comprised of a compound semiconductor, such as gallium-arsenic or indium^ 
12^ ^™^ SUbStrat6S ™ y b6 US6d in a f0rm havin 9 formed hereon a thin film of a substance 
5 if ?? / S 3 mate 31 1,16 SUbStrate - Examp,6S ° f stances for such a thin film formed on a 
semiconductor substrate mclude metals, such as aluminum, titanium, chromium, nickel, copper, silver, tantalum tung- 

Tss T 1 " "? the ,' ike ; in ? r9an ' C COmP ° UndS - SUCh 35 S,,iCOn dio5dde " fSrinated 9'ass phSpZ 
glass, boratephosphate glass, boros.l.cate glass, polycrystalline silicon, alumina, trtania, zirconia siHcon rJtrlde tita- 

oxir ^^r^l- b0r0n t ^ tride - hydr °S en si'sesquioxane; and organic polymers, such as m^T^esqi 
oxane, amorphous carbon, fluonnated amorphous carbon and polyimide 

S wit^' 10 ' t0 I! 9 ,0rmati ° n ° f 3 thin fi ' m ° f the ^mP 0 ^ 0 " on a substrate, the surface of the substrate may be 
Z ?n?m 9 k 396 k ' mprOV,n9 thS adheSi ° n tC> the ^ f Bm - As exam P |es ^ agents for improving the adhesion to 
ImSm ^ r 6 m ^ ,0ned substances used as a so -oa"ed silane coupling agent or chelate compounds S 
aluminum. Espec.ally preferred examples of agents for improving the adhesion include 3-aminopropylfrimeZxysilane 
Srt 1 " 8 ^ N-(2-aminoethy.)-3-aminopro P y.trimethoxy S i.ane. N^ ta ^ ) SSSS 
.5 ScnToriS ' V,n ^ h,0r ° Silan , e ' v h 7^ethoxysi.ane. S^h.oropropy.trimethoxysi.ane. 3-ch.oropr^nett 
2SSTn\- ^^^Py'methyldimethoxysilane. 3-chloropropylmethyldiethoxysilane S- 

SS2S22^^ 3-g.ycidoxypropylmethyldimethoxysilane. 3-meth- 

SSn ^ lfr,me * oxys,,ane - 3-methacryloxypropylmethyldimethoxysilane. hexamethyldisilazane. (ethyl acetoace- 
tato)alum,num d.isopropylate. tris(ethyl acetoacetato)aluminium. bis(ethyl acetoacetatotelurrtnum 
SKSJES^ f(acety.acetonato)a.uminum and the like. If desired, when the agent fo^S^SSZ 
I ^ ^ f S ,°?u a SUbStrate ' ° ther additiV6S may be added t0 the agent, and the agent may be diluted with 

KJSUte anH^H f ff 13 " 6 ( *> in the Wn fi,m »«* is obtained by the above-mentioned method is gelled by a 

jS^a^jy^V"*^™ reaCti ° n> 3 r6aCti0n Pr0duct havin 9 a three dimensional network structure 
similar to the structure of silicon dioxide is obtained. 

S rB V eTe i S ,?° pa ^' cular " mitatio n wi *n respect to the temperature for the hydrolysis and dehydration-conden- 
How^ri°ll 7 S ' ,ane . (A) . (hereinbe,ow ' this temperature is - simply refened to as "reactio^ tSSSSS). 
However, the reaction temperature ,s usually 0 to 180 -C, preferably 30 to 150 »C. When the reaction temperature is 
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lower than 0 °C, the reaction rate becomes small, so that the time required for the satisfactory gelation of the alkoxysi- 
iane (A) becomes disadvantageous^ long. On the other hand, when the reaction temperature is higher than 180 °C, 
formation of large voids tends to occur, so that the homogeneity of the below-mentioned silica-organic composite thin 
film is lowered. The time for the hydrolysis and dehydration-condensation reaction of alkoxysilane (A) varies depending 
5 on the temperature of the heat treatment, the amount of the catalyst and the like. However, usually, the reaction is com- 
pleted within several minutes to several days. 

[0058] In general, the gelation of the alkoxysilane(A) occurs simultaneously with the evaporation of at least a part 
of the solvent (C). However, by using a solvent having an appropriate boiling point and, it desired, an appropriate type 
of a catalyst in an appropriate amount, it is possible to control the rate of the gelation of the alkoxysilane (A) and the 

io rate of the evaporation of the solvent (C). 

[0059] In many cases, when the solvent (C) is appropriately selected so that at least a part of the solvent (C) 
remains in the thin film until the gelation of the alkoxysilane (A) satisfactorily proceeds, favorable results can be 
obtained. When the solvent (C) remains in the thin film at the point in time of completion of the gelation of the alkoxysi- 
lane (A), the thin film is subsequently subjected to drying so as to remove the solvent (C) remaining in the thin film. 

75 Needless to say, the temperature for drying varies depending on the type of the solvent (C). Usually, the temperature 
for drying is 30 to 250 °C. It is also effective to perform the drying under a reduced pressure. It is also preferred that the 
drying is performed while gradually elevating the temperature so as to avoid the occurrence of voids and obtain a homo- 
geneous silica-organic polymer composite thin film. 

[0060] By the above-mentioned method, a silica-organic polymer composite thin film can be obtained. The organic 
20 polymer (B) is dispersed in the obtained composite thin film almost in the form of molecular chains without suffering 
a99 r egation. When the above-mentioned dispersion of the molecular chains of the organic polymer (B) in the composite 
thin film is achieved, the composite thin film is transparent to visible rays having a wavelength of 0.4 to 0.7 \im. 
[0061] The thus obtained silica-organic polymer thin film has a low dielectric constant, as compared to the silicon 
dioxide obtained using only alkoxysilane(s). Further, the thickness of the silica-organic polymer thin film can be ren- 
25 dered satisfactorily large. Therefore, the silica-organic polymer thin film as such can be used as an insulating layer for 
a multilayer circuit structure for a semiconductor device. However, in order to obtain an insulating layer for a multilayer 
circuit structure for a semicondensor device, which has a further lower dielectric constant, it is preferred that this com- 
posite thin film is converted to a porous silica thin film. The composite thin film can be converted to a porous silica thin 
film by removing the organic polymer (B) from the composite thin film. If the gelation of the alkoxysilane (A) has satis- 
30 factorily proceeded, when the organic polymer (B) is removed from the composite thin film, the spaces in the composite 
thin film, which had been occupied by the molecular chains of the organic polymer (B), are not collapsed but left as 
pores in the porous silica thin film. As a result, a porous silica thin film having a high void ratio and hence a low dielectric 
constant can be obtained. 

[0062] Examples of methods for removing the organic polymer (B) include calcination by heating, plasma treat- 

35 ment, solvent extraction and the like. Among these methods, calcination by heating is preferred since calcination by 
heating can be easily performed in the current process for producing a semiconductor device. When the organic poly- 
mer (B) is removed by calcination, the calcination temperature varies depending on the type of the organic polymer (B) 
used. The calcination temperature is usually 300 to 500 °C, preferably 350 to 450 °C. When the calcination temperature 
is higher than 500 °C, the pores of the resultant porous silica thin film are likely to be collapsed, so that the thickness of 

ao the thin film is extremely decreased and the dielectric constant of the thin film becomes disadvantageous^ high. On the 
other hand, when the calcination temperature is lower than 300 °C, the organic polymer (B) is not satisfactorily decom- 
posed, so that some organic substances derived from the organic polymer (B) may remain in the resultant porous silica 
thin film as impurities, and, hence, it becomes difficult to obtain a porous silica thin film having a low dielectric constant. 
[0063] The calcination is conducted for 1 minute to 24 hours. When the calcination time is shorter than 1 minute, 

45 the organic polymer (B) is not satisfactorily decomposed, so that some organic substances derived from the organic 
polymer (B) may remain in the resultant porous silica thin film as impurities, and, hence, it becomes difficult to obtain a 
porous silica thin film having a low dielectric constant. In general, thermal decomposition of the organic polymer (B) is 
completed within 24 hours. Therefore, a long-time calcination for more than 24 hours is useless. 
[0064] The calcination can be conducted in an atmosphere of an inert gas, such as argon, helium and the like, or 

50 in an oxidizing atmosphere, such as an atmosphere of an oxygen-containing gas (for example, air and the like). In gen- 
eral, when the calcination is conducted in an oxidizing atmosphere, the calcination temperature tends to be lowered and 
the calcination time tends to become short. When the calcination is conducted in an atmosphere of a gas containing 
ammonia or hydrogen, nitridation or hydrogenation of the porous silica thin film occurs due to the reaction of the silanol 
groups remaining in the product obtained by the hydrolysis and dehydration-condensation reaction of alkoxysilane (A), 

55 so that the hygroscopicity of the resultant porous silica thin film can be advantageously lowered. 

[0065] The silica-organic polymer composite thin film and porous silica thin film, each of which is obtained from the 
composition of the present invention, can be fabricated into a desired shape by a conventional method used in a current 
process for producing a semiconductor device. 
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[0066] Surface treatment of the obtained porous silica thin film with a silylating agent is effective for lowering the 
hygroscopicity of the porous silica thin film and improving the adhesion of the porous silica thin film to other substances 
Examples of silylating agents include alkoxysilanes, such as trimethylmethoxysilane, trimethylethoxysilane dimethyld- 
imethoxysilane, dimethyldiethosysilane, methyltrimethoxysilane, methyltriethoxysilane, dimethylethoxysilane methyldi- 
5 ethoxysilane, dimethylvinylmethoxysilane, dimethylvinylethoxysilane, diphenyldimethoxysilane, diphenyldiethoxysilane 
phenyltnmethoxysilane and phenyltriethoxysilane; chlorosilanes, such as trimethylchlorosilane, dimethyldichlorosilane* 
methyltnchlorosilane. methyldichlorosilane, dimethylchlorosilane, dimethylvinylchlorosilane, methylvinyldichlorosilane' 
methylchlorodisilane, triphenylchlorosilane, methyldiphenylchlorosilane and diphenyldichlorosilane; and silazanes' 
such as hexamethyldisilazane, N,N'-bis(trimethylsilyl)urea, N<trimethylsilyl)acetamide, dimethyl(trimethylsHyl)amine' 
w diethyl(triethylsilyl)amine and trimethylsilyl imidazole. Examples of methods for the silylation include application of the 
silylating agent by coating, immersing in the silylating agent or a solution thereof, exposure to the vapor of the silvlatina 
agent, and the like. M 

[0067] In a current process for producing a semiconductor device, a silicon oxide insulating layer for a multilayer cir- 
cuit structure for a semiconductor device is produced by a method comprising dissolving a silicon oxide precursor in an 
appropriate solvent to thereby obtain a solution of the silicon oxide precursor, forming a coating of the obtained solution 
on a substrate by spin coating technique or the like, and calcining the coating at an appropriate temperature. When the 
alkoxysilane/organic polymer composition of the present invention {which comprises (A) a specific alkoxysilane* (B) a 
specific organic polymer; and (C) a solvent for alkoxysilane (A) and organic polymer (B), wherein solvent (C) comprises 
at least one organic solvent selected from the group consisting of amide linkage-containing organic solvents and ester 
linkage-containing organic solvents} is used in place of the above-mentioned solution of the silicon oxide precursor and 
subjected to a treatment similar to the above-mentioned current process for producing an insulating thin film, an insu- 
lating layer of a multilayer circuit structure for a semiconductor device, which has a low dielectric constant can be easily 
produced. ' 7 

[0068] When the composition of the present invention is used, a silica-organic polymer composite thin film having 
a low dielectric constant or a porous silica thin film having micropores in a high void ratio and hence having a low die- 
lectric constant can be obtained by a method which can be easily performed in the conventional process for producing 
a semiconductor device without any special equipment. Therefore, the composition of the present invention is extremely 
useful as a material for an insulating layer for a multilayer circuit structure, which has a low dielectric constant, espe- 
cially as a material for an insulating layer for a multilayer circuit structure for an LSI. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0069] Hereinbelow, the present invention will be described in more detail with reference to the following Examples 
and Comparative Examples, which should not be construed as limiting the scope of the present invention. 
[0070] In the following Examples and Comparative Examples, various properties of a silica-organic polymer com- 
posite thin film and of a porous silica thin film were evaluated by the following methods. 

(1) Measurement of the surface area (N 2 BET): 

Measurement was performed by means of Nitrogen Adsorption Isotherm Surface Area Measurement Apparatus 
40 (manufactured and sold by Shimadzu Corporation, Japan). 

(2) Measurement of the film thickness: 

Measurement was performed by means of DEKTAK-II A Model surface roughness measurement apparatus (man- 
ufactured and sold by Sloan Technology Corporation, U.S.A). 

(3) Measurement of the dielectric constant: 

45 Measurement was performed by means of HP4280 Model C-V measurement apparatus (manufactured and sold 
by Hewlett-Packard Company, U.S.A). 

(4) Evaluation of the transparency: 

Evaluation was made by the following method. A silica-organic polymer composite thin film is cut into a slice having 
a thickness of 1 mm. The slice was placed on a plate carrying a black character having a size of 3 mm x 3 mm so 
that the character is covered by the slice. The character is then visually observed through the slice. If the character 
is legible through the slice, the slice is evaluated as being transparent. 

[0071] The number average molecular weight (Mn) of an organic polymer used herein was measured by gel per- 
meation chromatography (GPC) using tetrahydrofuran as an eluent and using a calibration curve obtained with respect 
55 to standard monodispersed polystyrene systems. 

[0072] The following abbreviations are used in Tables 1 to 7 showing the data of Examples and Comparative Exam- 
ples. 
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TEOS: tetraethoxysilane, 

MTES: methyitriethoxysilane, 

TMOS: tetramethoxysilane, 

MTMS: methyltrimethoxysilane, 

PEG: polyethylene glycol, 

PCL: polycaprolactone, 

PC: poIy(pentamethylene-hexamethylene carbonate), 

PVEE: polyvinyl ethyl ether, 

PVdF: polyvinylidene fluoride, 

NM P: N-methylpyrrolidone, 

DMF: N,N-dimethylformamide, 

EA: ethyl acetate, 

EtOH: ethanol, and 

MeOH: methanol 



Example 1 

[0073] 1 .2 g of tetraethoxysilane and 0.34 g of polyethylene glycol (number average molecular weight: 20,000) were 
dissolved in 2.0 g of N-methylpyrrolidone. Then, added thereto were 0.30 g of water and 0.15 g of 0. 10 N nitric acid, and 
20 the resultant solution was stirred for 2 hours at room temperature. This solution was cast onto a polytetrafluoroethylene 
watch-glass and allowed to stand for 1 hour at 120 °C to thereby cause the tetraethoxysilane to be gelled. The resultant 
gel was dried in vacuum at 180 °C, to thereby obtain a silica-organic polymer composite thin film. The obtained com- 
posite thin film was transparent. 

25 Examples 2 to 14 

[0074] Substantially the same procedure as in Example 1 was repeated, except that the types of the alkoxysilane. 
the organic polymer and the solvent were varied. The types and amounts of alkoxysilanes, organic polymers and sol- 
vents which were employed and the obtained results are shown in Table 1. The term "weight of gel" indicated in Table 
30 1 means the weight of a hydrolysis and dehydration-condensation reaction product of an alkoxysilane employed, as 
determined by calculation, based on the assumption that the entire amount of the alkosysilane undergoes a hydrolysis 
and dehydration-condensation reaction. 

[0075] All of the obtained silica-organic polymer thin films were transparent. 



35 



Table 1 



40 


Example 
No. 


Alkoxysilane 


Amount 
of alkox- 
ysilane 

(g) 


Weight of 
gel (9) 


Polymer 


Molecular 
weight of 
polymer 


Amount 
of poly- 
mer (g) 


Solvent 


Appear- 
ance of gel 




1 


TEOS 


1.2 


0.34 


PEG 


20000 


0.34 


NMP 


Transpar- 
ent 


45 


2 


TEOS 


1.2 


0.34 


PEG 


20000 


0.68 


NMP 


Transpar- 
ent 




3 


MTES 


0.9 


0.34 


PEG 


20000 


0.34 


DMF 


Transpar- 
ent 


50 


4 


MTES 


0.9 


0.34 


PEG 


600 


0.51 


NMP 


Transpar- 
ent 




5 


MTMS 


0.7 


0.34 


PEG 


20000 


0.34 


NMP 


Transpar- 
ent 


55 


6 


MTMS 


0.7 


0.34 


PEG 


1000 


0.68 


EA 


Transpar- 
ent 




7 


TMOS+MTMS 
(1/1) 


0.8 


0.34 


PEG 


2000 


0.51 


EA 


Transpar- 
ent 
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Table 1 (continued) 



Mo. 


Alkoxysilane 


Amount 
ysilane 

(g) 


weight of 
9©' (9) 


Polymer 


Molecular 
weight of 
polymer 


Amount 
of poly- 
mer fa) 


Solvent 


Appear- 
ance of gel 


8 


TEOS 


1.2 


0.34 


PCL 


600 


0.34 


DMF 


Trp nQrva r- 


















ent 


9 


MTMS 


0.7 


0.34 


PCL 


600 


0.34 


DMF 


Trancnar. 
1 1 CM IOJ->CH 


















ent 


10 


MTMS 


0.7 


0.34 


PC 


20000 


0.34 


NMP 


"Trsi n crvs r- 

1 1 Ctl lojJCll 


















ent 


11 


TEOS 


1.2 


0.34 


PEG 


20000 


0.68 


NMP+EtOH 


Trss n ens r- 
















(2/8) 


ent 


12 


MTES 


0.9 


0.34 


PEG 


20000 


0.85 


NMP+EtOH 


Transpar- 
















(2/8) 


ent 


13 


MTMS 


0.7 


0.34 


PEG 


600 


1.05 


DMF+EG 


Transpar- 
















(5/5) 


ent 


14 


MTMS 


0.7 


0.34 


PEG 


20000 


0.34 


NMP+MeOH 


Transpar- 
















(3/7) 


ent 



25 Comparative Examples 1 to 4 

[0076] Substantially the same procedure as in Example 1 was repeated, except that Polyvinyl ethyl ether (PVEE) 
and polyvinylidene fluoride (PvdF) were used as organic polymers. The results are shown in Table 2. A transparent and 
homogeneous gal could not be obtained in Comparative Examples 1 to 4. 



Table 2 





Compara. 


Alkoxysi- 


Amount of 


Weight of 


Polymer 


Molecular 


Amount of 


Solvent 


Gelation 


35 


Ex. No. 


lane 


alkoxysi- 


gei (g) 




weight of 


polymer 










lane (g) 






polymer 


(g) 








1 


TEOS 


1.2 


0.34 


PVEE 


3800 


0.34 


NMP 


Homoge- 
neous 
gelation 


40 


















did not 
oocur. 




2 


TEOS 


1.2 


0.34 


PVdF 


71000 


0.34 


DMF 


Opaque 
gel was 


45 


















formed. 


3 


MTMS 


0.7 


0.34 


PVdF 


71000 


0.34 


NMP 


Opaque 
gel was 
formed. 


50 


4 


MTMS 


0.7 


0.34 


PVdF 


71000 


0.34 


EA 


Opaque 


















gel was 
formed. 



Examples 15 to 26 

55 

[0077] 0. 1 7 g of one polymer selected from the group consisting of polyethylene glycol (number average molecular 
weight: 20,000), polycaprolactone (number average molecular weight: 600) and polypentamethylenehexamethylene 
carbonate (number average molecular weight: 2,000) was dissolved in 1 .5 g of one solvent selected from the group con- 



14 



:nrv~irv 



EP 0 997 497 A1 



sisting of N,N<Jimethylformamide (DMF), N-methyipyrrolidone (NMP), ethyl acetate and a mixed solvent (weight ratio: 
6/4) of tetrahydrofuran (THF) and DMF. Then, added thereto were 0.60 g of tetraethoxysilane (corresponding to 0.17 g 
in terms of Si0 2 ) and 0.15 g of 0.1 N hydrochloric acid, and the resultant solution was stirred for 1 hour at room tem- 
perature. When 0.5 g of 0.1 N aqueous ammonia solution was added to this solution, tetraethoxysilane gelled rapidly 
5 and the whole of the solution became a jelly-like product. 

[0078] As shown in Table 3, all of the obtained jelly-like products were colorless and transparent. 



Table 3 



Example No. 


Polymer 


Appearance of gel 






DMF 


NMP 


Ethyl acetate 


THF+DMF (6/4) 


15-18 


PEG 


T 


T 


T 


T 


19-22 


PCL 


T 


T 


T 


T 


23-26 


PC 


T 


T 


T 


T 



T:-Transparent, 
O: Opaque 



20 

Comparative Examples 5 to 7 

[0079] Substantially the same procedures as in Examples 15 to 26 were repeated, except that acetonitrile was 
used as the solvent. As shown in Table 4, all of the obtained jelly-like products were white opaque. 

25 



Table 4 



Compara. Ex. No. 


Polymer 


Appearance of gel 






Acetonitrile 


5 


PEG 


O 


6 


PCL 


O 


7 


PC 


O 



T: Transparent, 
O: Opaque 

Example 27 

40 

[0080] 0.43 g of ETHYL SILICATE 40 (manufactured and sold by Colcoat Kabushiki Kaisha, Japan) and 0.17 g of 
polypropylene glycol (number average molecular weight: 4,000) were dissolved in a mixed solvent of 1 .2 g of dimethyl- 
formamide and 0.8 g of ethanol. Then, added thereto was 0.2 g of 0.1 N aqueous ammonia solution. The resultant solu- 
tion was cast onto a petri dish so as to form a thin film thereon. Then, the petri dish was sealedly covered and allowed 

45 to stand overnight at room temperature to thereby cause ETHYL SILICATE 40 to be gelled. Subsequently, the temper- 
ature of the atmosphere surrounding the thin film was gradually elevated from 60 °C to 120 °C and then the pressure 
of the atmosphere surrounding the thin film was reduced to vacuum while maintaining the temperature at 120 °C, 
thereby drying the thin film, thus obtaining a transparent silica-organic polymer composite thin film having a thickness 
of 1 .3 mm. The obtained composite thin film was calcined for 2 hours at 450 °C in air, thereby removing the organic pol- 

so ymer to obtain a porous silica thin film. The specific surface area of the obtained porous silica thin film was measured 
by nitrogen adsorption isotherm method, and was found to be 990 m 2 /g. This value indicates that the pore diameter of 
the obtained porous silica thin film is small. 

Comparative Example '8 

55 

[0081] 0.43 g of ETHYL SILICATE 40 (manufactured and sold by Colcoat Kabushiki Kaisha, Japan) and 0.17 g of 
polystyrene were dissolved in 2.0 g of methyl ethyl ketone. Further, added thereto was 0.2 g of 0.1 N aqueous ammonia 
solution. The resultant solution was cast onto a petri dish to thereby form a thin film. Then, the petri dish was sealedly 



15 



EP 0 997 497 A1 



covered and allowed to stand overnight at room temperature to thereby cause ETHYL SILICATE 40 to be gelled. Sub- 
sequently, the temperature of the atmosphere surrounding the thin film was gradually elevated from 60 to 120 °C and 
then the pressure of the atmosphere surrounding the thin film was reduced to vacuum while maintaining the tempera- 
ture at 1 20 °C, thereby drying the thin film, thus obtaining an opaque silica-organic polymer composite thin film. The 
5 obtained composite thin film was calcined for 2 hours at 450 °C in air, thereby removing the organic polymer to obtain 
a porous silica thin film. The specific surface area of the obtained porous silica thin film was measured using 0.13 g of 
the porous silica thin film, and found to be as small as 1 rrf/g or less. This indicates that the pore diameter of the 
obtained porous silica thin film is large. 

10 Example 28 

[0082] 1.2 g of tetraethoxysilane (TEOS) and 0.17 g of polyethylene glycol (number average molecular weight: 
20,000) were dissolved in a mixed solvent (weight ratio: 2/1) of N.N'-dim ethyl imidazolidinone and propylane glycol 
methyl ether acetate. Then, added thereto were 0.5 g of water and 0.15 g of 0.1 N hydrochrolic acid, and the resultant 
15 solution was stirred for 4 hours. 

[0083] A silicon wafer having a titanium nitride thin film thereon was coated with the above solution by spin coating 
(revolution rate: 1 ,500 rpm) to thereby form a thin film. The formed thin film was heated for 1 hour at 120 °C so as to 
effect a gelation of the tetraalkoxysilane and remove the solvent, thereby obtaining a silica-organic polymer composite 
thin film. 

20 [0084] The obtained composite thin film was calcined for 1 hour at 450 °C in an atmosphere of nitrogen gas to 
thereby remove the organic polymer, thereby obtaining a porous silica thin film. The obtained porous silica thin film was 
placed in a pressure vessel, and the internal pressure of the pressure vessel was reduced to vacuum. Then, a vapor of 
hexamethyldisilazane was introduced into the pressure vessel at room temperature, to thereby modify the pore surfaces 
with trimethylsilyl groups so as to render the pore surfaces hydrophobic. The upper surface of this thin film was coated 

25 with aluminum by vacuum deposition through a SUS mask to thereby form an electrode having a diameter of 1 .7 mm. 
Using the thus obtained electrode-carrying porous silica thin film, the dielectric constant of the porous silica thin film 
was measured at 1 MHz. The dielectric constant of the porous silica thin film was found to be 3.5. which is remarkably 
lower than the dielectric constant (4.5) of Si0 2 . 

30 Examples 29 to 32 

[0085] Substantially the same procedure as in Example 28 was repeated, except that the amount of polyethylene 
glycol was varied. The results of the dielectric constant measurement are shown in Table 5. As shown in Table 5, all of 
the obtained porous silica thin films exhibited low dielectric constant values. 



Table 5 



40 


Example No. 


Alkoxysilane 


Polymer 


Polymer/sil- 
ica weight 
ratio 


Thickness 
of compos- 
ite film (u.m) 


Thickness of 
film after cal- 
cination (jim) 


Ratio of 
decrease in 
thickness 


Dielectric 
constant (1 
MHz) 




28 


TEOS 


PEG 


0.5 


0.65 


0.48 


26% 


3.5 




29 


TEOS 


PEG 


1.0 


1.19 


0.83 


30% 


2.7 


45 


30 


TEOS 


PEG 


1.5 


0.93 


0.63 


32% 


2.5 




31 


TEOS 


PEG 


2.0 


1.02 


0.64 


37% 


2.2 




32 


TEOS 


PEG 


3.0 


1.09 


0.71 


35% 


1.7 



so Example 33 

[0086] 0.70 g of methyttrimethoxysilane (MTMS) and 0.17 g of polyethylene glycol (number average molecular 
weight: 20,000) were dissolved in a mixed solvent (weight ratio: 2/1/4) of N-methylpyrrolidone, propylene glycol methyl 
ether acetate and methanol. Then, added thereto were 0.30 g of water and 0. 1 5 g of 0.1 N nitric acid, and the resultant 
55 solution was stirred for 3 hours. 

[0087] A silicon wafer having a titanium nitride thin film thereon was coated with the above solution by spin coating 
(revolution rate: 1 ,500 rpm) to thereby form a thin film. The formed thin film was heated for 1 hour at 1 20 °C so as to 
effect a gelation of MTMS and remove the solvent, thereby obtaining a silica-organic polymer composite thin film. 
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[0088] The obtained composite thin film was calcined for 1 hour at 450 °C in an atmosphere of nitrogen gas to 
thereby remove the organic polymer, thereby obtaining a porous silica thin film. The upper surface of this thin film was 
.coated with aluminum by vacuum deposition through a SUS mask to thereby form an electrode having a diameter of 
1.7 mm. Using the thus obtained electrode-carrying porous silica thin film, the dielectric constant of the porous silica 
5 thin film was measured at 1 MHz. The dielectric constant of the porous silica thin-film was found to be 2.8, which is lower 
than the dielectric constant (3.1) of CH 3 Si0 1 5 . 

Examples 34 to 36 

10 [0089] Substantially the same procedure as in Example 33 was repeated, except that the amount of polyethylene 
glycol was varied. The results of the dielectric constant measurement are shown in Table 6. As shown in Table 6, all of 
the obtained porous silica thin films exhibited low dielectric constant values. 



Table 6 



Example No. 


Alkoxysilane 


Polymer 


Polymer/sil- 
ica weight 
ratio 


Thickness 
of compos- 
ite film (^im) 


Thickness of 
film after cal- 
cination (jim) 


Ratio of 
decrease in 
thickness 


Dielectric 
constant (1 
MHz) 


33 


MTMS 


PEG 


0.5 


1.03 


0.74 


28% 


2.8 


34 


MTMS 


PEG 


1.0 


0.94 


0.63 


33% 


2.4 


35 


MTMS 


PEG 


1.5 


1.06 


0.67 


37% 


2.1 


36 


MTMS 


PEG 


3.5 


1.00 


0.64 


36% 


1.6 



Comparative Example 9 

[0090] 0.70 g of methyltrimethoxysilane (MTMS) and 0.17 g of polyethylene glycol (number average molecular. 
30 weight: 20,000) were dissolved in methanol. Then, added thereto were 0.30 g of water and 0.15 g of 0.1 N nitric acid, 
and the resultant solution was stirred for 2 hours. 

[0091] A silicon wafer was coated with the above solution by spin coating (revolution rate: 1,500 rpm) to thereby 
form a thin film. The formed thin film was heated for 1 hour at 120 °C so as to effect a gelation of MTMS and remove 
the solvent, thereby obtaining a silica-organic polymer composite thin film having a thickness of 0.87 um. 
35 [0092] The obtained composite thin film was calcined for 1 hour at 450 °C in an atmosphere of nitrogen gas to 
thereby remove the organic polymer, thereby obtaining a porous silica thin film. The thickness of the porous silica thin 
film was 0.45 \im, indicating that the calcination caused a thickness decrease as large as 48 %, based on the thickness 
of the silica-organic polymer composite thin film. It is presumed that pores which should have been formed when the 
organic polymer was removed by calcination were collapsed. 

40 

Comparative Examples 10 and 1 1 

[0093] Substantially the same procedure as in Comparative Example 9 was repeated, except that the amount of 
polyethylene glycol was varied. The results of the measurement of the ratio of decrease in the film thickness are shown 
45 in Table 7. As shown in Table 7, the calcination caused a marked decrease in the film thickness in Comparatives Exam- 
ples 10 and 11. 



Table 7 



50 


Compara. Ex. 
No. 


Alkoxysilane 


Polymer 


Polymer/silica 
weight ratio 


Thickness of 
composite film 
(jim) 


Thickness of 
film after calci- 
nation (f±m) 


Ratio of 
decrease in 
thickness 




9 


MTMS 


PEG 


0.5 


0.87 


0.45 


48% 


55 


10 


MTMS 


PEG 


1.0 


0.36 


0.14 


61 % 




11 


MTMS 


PEG 


1.5 


1.14 


0.47 


59% 
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Example 37 

[0094] 0.6 g of methyltrimethoxysiiane and 0.1 g of polysebacic anhydride (number average molecular weight 
1 ,900) were dissolved in 1 .0 g of N.N-dimethylformamide. Then, added thereto were 0.05 g of water and 0 1 g of 0 1 N 
5 hydrochloric acid, and the resultant solution was stirred for 1 hour at room temperature. This solution was cast onto a 
polytetraf luoroethylene watch glass to thereby form a thin film, and the formed thin film was allowed to stand for 1 hour 
at 100 °C to thereby cause the methyltrimethoxysiiane to be gelled. Then, the thin film was dried in vacuum at 180 °C 
thereby obtaining a silica-organic polymer composite thin film. The dried composite thin film was transparent. 

10 INDUSTRIAI APPLICABILITY 

[0095] Both of the silica-organic polymer composite thin film (which is produced by a process comprising: forming 
a thin film of the alkoxysilane/organic polymer composition of the present invention; subjecting the thin film to a hydrol- 
ysis and dehydration-condensation reaction with respect to the alkoxysilane thereof, to thereby cause the alkoxysilane 

15 to be gelled in the thin film; and removing the solvent remaining in the thin film by drying) and the porous silica thin film 
(which is obtained by removing the organic polymer from the silica-organic polymer composite thin film) have advan- 
tages not only in that these thin films have a low dielectric constant suitable for insulating layers for a multilevel inter- 
connect for a semiconductor device, but also in that these thin films can be produced by a method which can be easily 
performed in the current process for producing a semiconductor device. Therefore, the alkoxysiiane/organic polymer 

20 composition of the present invention for use in producing an insulating thin film can be very advantageously used for 
producing an insulating layer for a multilevel interconnect for a semiconductor device, such as an LSI. 

Claims 

1 . An alkoxysilane/organic polymer composition for use in producing an insulating thin film, comprising: 

(A) at least one alkoxysilane selected from the group consisting of (1) tetraalkoxysilanes, (2) trialkoxysilanes. 
(3) dialkoxysilanes, (4) monoalkoxysilanes and (5) trialkoxysilane dimers. respectively, represented by the fol- 
lowing formulae (1), (2), (3), (4) and (5): 



25 



30 



Si(OR) 4 

tfSKORfe (2 ), 

R 1 R 2 Si(OR) 2 (3)f 

R 1 R 2 R 3 SiORand ^ 

(RO) 3 Si-R 4 -Si(OR) 3 (5) 

wherein each R independently represents a straight chain or branched alkyl group having 1 to 6 carbon atoms, 
each of R , R and R independently represents a hydrogen atom or a monovalent hydrocarbon group having 

1 to 6 carbon atoms, and R represents a divalent hydrocarbon group having 1 to 6 carbon atoms, and wherein 
when said alkoxysilane (A) is at least one first alkoxysilane selected from the group consisting of said alkoxysi- 
lanes (3) and (4), said first alkoxysilane is used in combination with at least one second alkoxysilane selected 
from the group consisting of said alkoxysilanes (1), (2) and (5); 

(B) at least one organic polymer having a main chain mainly comprising at least one polymer chain selected 
from the group consisting of an aliphatic polyether chain having ether group-containing recurring units having 

2 to 12 carbon atoms, an aliphatic polyester chain having ester group-containing recurring units having 2 to 12 
carbon atoms, an aliphatic polycarbonate chain having carbonate group-containing recurring units having 2 to 
12 carbon atoms and an aliphatic polyanhydride chain having anhydride group-containing recurring units hav- 
ing 2 to 1 2 carbon atoms; and 

(C) a solvent for said alkoxysilane (A) and said organic polymer (B), wherein said solvent (C) comprises at least 
one organic solvent selected from the group consisting of amide linkage-containing organic solvents and ester 

5a linkage-containing organic solvents. 

2. The composition according to claim 1 , wherein said alkoxysilane (A) is a mixture of at least one tetraalkoxysilane 
(1) and at least one alkoxysilane selected from the group consisting of said alkoxysilanes (2) to (5). 



35 
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3. The composition according to claim 1 , wherein said alkoxysilane (A) is at least one trialkoxysilane (2), or a mixture 
of at least one trialkoxysilane (2) and at least one alkoxysilane selected from the group consisting of said alkoxysi- 
lanes (1)and (3) to (5). 

5 4. The composition according to any one of claims 1 to 3, wherein said solvent (C) further comprises at least one alco- 
hol. 

5. The composition according to any one of claims 1 to 4, which further comprises (D) at least one acid capable of 
functioning as a catalyst for promoting a hydrolysis and dehydration-condensation reaction of said alkoxysilane (A). 

10 

6. The composition according to any one of claims 1 to 5, wherein said organic polymer (B) is an aliphatic polyether 
comprising a polyalkylene glycol having C2-C12 ether group-containing recurring units and having a number aver- 
age molecular weight of from 200 to 1 ,000,000. 

15 7. The composition according to any one of claims 1 to 6, wherein said organic polymer (B) is present in an amount 
of from 0.1 to 10 in terms of a weight ratio relative to the amount of a product obtained by subjecting the entire 
amount of said alkoxysilane (A) to a hydrolysis and dehydration : condensation reaction. 

8. A silica-organic polymer composite thin film, which is produced by a process comprising: 

20 

forming a thin film of the composition of any one of claims 1 to 7; 

subjecting said thin film to a hydrolysis and dehydration-condensation reaction with respect to said alkoxysi- 
lane (A) thereof, to thereby cause said alkoxysilane (A) to be gelled in said thin film; and 
removing said solvent (C) remaining in said thin film by drying. 

25 

9. The silica-organic polymer composite thin film according to claim 8, which has a thickness of from 0.1 to 100 um. 

1 0. The silica-organic polymer composite thin film according to claim 8 or 9, which is transparent to visible rays having 
a wavelength of from 0.4 to 0.7 urn 

30 

11. A multilevel interconnect comprising a plurality of insulating layers and circuits formed on said insulating layers, 
wherein at least one layer of said insulating layers comprises the silica-organic polymer composite thin film of any 
one of claims 8 to 10. 

35 1 2. A semiconductor device comprising the multilevel interconnect of claim 1 1 . 

13. A porous silica thin film which is obtained by removing the organic polymer from the silica-organic polymer com- 
posite thin film of any one of claims 8 to 10. 

40 14. The porous silica thin film according to claim 13, which has an average pore diameter of from 1 to 500 nm. 

15. The porous silica thin film according to claim 13 or 14, wherein the removal of said organic polymer from said silica- 
organic polymer composite thin film is performed by calcining said composite thin film at a temperature of not 
higher than 450 °C. 

45 

1 6. The porous silica thin film according to any one of claims 1 3 to 1 5, which has a surface thereof treated with a silylat- 
ing agent. 

17. A multilevel interconnect comprising a plurality of insulating layers and circuits formed on said insulating layers, 
50 wherein at least one layer of said insulating layers comprises the porous silica thin film of any one of claims 1 3 to 

16. 

18. A semiconductor device comprising the multilevel interconnect of claim 1 7. 

55 
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